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Description 

This invention relates to pharmaceutically acceptable water-ln-oll (w/o) self-etnulsifying microemulslons containing 
therapeutic agents, processes for their preparation and their use. ^ i^n 

Microemulsions can be defined in general as thermodynamically stable, .sotropically clear dispersions of two 
immiscible liquids stabilised by interfacial films of surface-active molecules. The formation of "J'^^f "^f '"j;^ "^^^^ 
involves a combination of three to five components, namely, an oil. water, a surfactant, acosurfactant and an elertrolyte^ 
The tendency towards a water-in-oil (w/o) or an oil-in-water (oM) microemulsion is *P«"''«"' °" *^P;°£^ 
oil and the surfactant. Surfactants are conveniently classHied on an empirical scale known as ttie hydrophilic-lipoph^c 
balance (HLB) which runs from 1 to 20. in general, (w/o) microemulsions are formed using surfactants e™.ers) 
which have an HLB value in the range of about 3 to 6 whilst (o/W) microemulsions are forrned using suriartante wl.ch 
have an HLB value in the range of about 8 to 18. K has long been recognized that low interfacial tension confr bu^^^ o 
the thermodynamic stability of microemulsions. To achieve this, the surfactant should prefertWy exhibit low solub hty ^ 
both the oil and water phases, and be preferentially absorbed at the water-oil interface with concomitant lowering of 
llSlrfllnensL When interfacial tension is less than 2 x 10"^ N/cm (2 x lO'^ dyn/cm) a ^bj -c«)ern^=«^^^^ 
form. General reviews of microemulsions are provided by Bhargava et al.. Pharm. Tech.. 46-53. March 1987 and Kahl- 
weit. Science. 240, 617-621,1988. _^ u - 

Microemulsions are typically substantially non-opaque, i.e. are transparent or opalescent when viewed by opUcal 
microscopic means. In the undisturbed state, they are optically isotropic (non-birefringent) when examined ^P^-^ 
ized Iwht The dispersed phase typically comprises particles or droplets which are namally between 5 and 200 nm in 

The role of the cosurfactant. usually a short-chain alcohol, is to increase the interfacial fluidity by perpetrating the 
surfactant film and consequently creating a disordered film due to the void space among surfactant n»"ecule^ Jheuse 
of a cosurfactant in microemulsions is however optional and alcohol-free self-emulsifying emulsions and miaoem^^ 
sions have been described in the literature (see for instance. Pouton et al.. Int.. Journal of Pharmaceutics, 27, 335-348, 
1985andOsborneefa/.,J.Disp.Sci. Tech.. 9. 415-423, 1988). , 

There are many advantages to the use of a miaoemulsion over a conventional emulsion (or maaoemulsiorj^ or 
drug transport (delivery). Microemulsions formspontaneously, without the need forahighinputo^ 
fore easyto prepare and scale up for commercial applications; they have thermodynamic stab'Irty due to their smaHpar- 
ticle size and therefore have a long shelf life; they have an isotropically clear appearance so that they may be monitored 
by spectroscopic means; they have a relatively low viscosity and are therefore easy to transport and "^'j;; "^^y *^ave a 
large interfacial area which accelerates surface reactions; they have a low interfacial tension which permits f lextole and 
high penetrating power and, lastly, they offer the possibility of improved drug solubilization and prote^on ajam 
n^tic hydrolysis. In addition, miaoemulsions may undergo phase inversion upon addition of an of the di^ereed 
phase or in response to a temperature change and this is a property of these systems that can affect drug releasefrmi 
microemulsions both in vitro and in vivo. The reasons for this improved drug delivery are not however well underetood 

TS-based microemulsions have already been proposed to enhance the bioavailability d different dm^^ 
peotides Thus GB 2 222 770-A (Sandoz Ltd) describes microemulsions and corresponding microemulsion pre-con- 
centrates- for use with the highly hydrophobic cyclosporin peptides. Thus, a suitable V^^^'^^'^'^^J;^ 
propylene glycol as the hydrophilic phase, a caprylic-capric acid triglyceride as ''P^P'^'f ^"''"P?"^ f,*!^^^^ 
ofTpoIyoiethylene glycolated hydrogenated castor oil and glycerin monooleate Mo 11:^ as 
factant. Sudi formulations may then be diluted with water but to give an oil-in-water rather than a water-inoil miaoe- 

"""'^n addition GB 2 098 865-A (Sandoz Ltd) describes topical compositions in the form of microemulsions comprising 
a water-immiscible organic solvent, an emulsifier. a co-emulsifier. water and a (non-peptid^ f^^TJ"? ^^t^w^lSS 
formulations are said to have improved skin penetrating properties. Suitable organic solvents include (Cio.^)-^^ ac« 
esters of (C3.i8)-alcoholS6uch as hexyl laurate. (Ci2.32)-hydrDcarbons such as squalene and 7°"°" 
erd wrth a (cl 22)-ca*oxylic acid such as glyceryl caprylate (which may also act as a co-emulsifier). There is however 
no mention of using a long chain-fatty acid triglyceride as the oil. ..v-i ..ez.,.«««ricinn 

Furthermore US 4 712 239 ((duller et al.) describes multi-component systems for pharmaceutical use compnsing 
an oil. a nonionic surfactant with an HLB value above 8 and a co-surfactant which is a partial ether or ester of a pohjv- 
droxyl alcohol and a (Cs-az) fatty alcohol or acid, which components form a "single phase on mixing. The speaal prop- 
elSs of the system are aSibuted to the particular blend of surfactant and co-surfactant selected. An aqueous phasejs 
an optional extra and the therapeutic agent may be lipophilic or hydrophilic. Such systems are said to give enhanced 
transdermal delivery characteristics. Although examples of formulations are provided compnsing medium-chain fa^ 
acid triglycerides and medium-chain fatty acid mono- and di-glycerides, there are no corresponding examples using 

long-chain analogues thereof. . o • n atq loom 

Rnally, WO 88A)0059 (Engstrfim ef al. and the corresponding paper, J. Dispersion So. Technol.. 11, 479. 1990) 
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discloses controlled release compositions for biologically active materials comprising an "l-2-phase'' and containing an 
unsaturated (C16.22)'. preferably Cis- .fatty acid monoglyceride and an unsaturated (Ci6-22)". preferably Cie*. fatty acid 
triglyceride, in a ratio of from 1 :1 to 3:1. and a polar liquid such as water. There is however no mention of the additional 
inclusion of a high HL6 surfactant. The existence of an L2 phase had previously been described, in the context of 
s medium-chain fatty acid components, for a water-monocaprylin-tricaprylin system by Friberg et al., J. Amer. Oil Chem; 
Soc. 47, 149, 1970. Again, there is no mention of the additional inclusion of a high HLB surfactant. 
EP-A-278660 and FR-A-1603312 disclose microemulsions for pharmaceutical use. 

We have now surprisingly found that further improved drug delivery characteristics may be obtained using (w/o) 
microemulsions having lipophilic phases based on a long-chain fatty acid triglyceride and a low HLB surfactant, in com- 
10 bination with a high HLB surfactant and an aqueous based hydrophilic phase. 

Accordingly, the present invention provides a pharmaceutically acceptable, stable, self-emulsifying water-in-oil 
(w/o) microemulsion comprising: 

(a) a lipophilic phase having a long-chain fatty acid triglyceride and a low HLB surfactant; 
75 (b) a high HLB surfactant; 

(c) an aqueous hydrophilic phase; and 
(cQ a water-soluble therapeutic agent. 

The accompanying drawings contain the following figures: 

20 

Figure 1 illustrates a pseudo-ternary phase diagram reading of a microemulsion system containing ah oil and a low 
HLB surfactant in a fixed ratio X, a high HLB surfactant and an aqueous phase; 

Figure 2 illustrates a pseudo-ternary phase diagram of the microemulsion system soybean oil/MYVEROL 18-99 as 
the oil/low HLB surfactant in a ratio of 3 to 1 . Tween 80 as the high HLB surfactant and water as the aqueous phase; 
25 Figure 3 illustrates a pseudo-ternary phase diagram of the microemulsion system soybean oil/MYVEROL 1 8-99 as 
the oil/low HLB surfactant in a ratio of 3 to 1, Tween 80 as the high HLB surfactant and saline as the aqueous 
phase; 

Figure 4 illustrates a pseudo-ternary phase diagram of the microemulsion system soybean oil/ARLACEL 186 as 
the oil/low HLB surfactant in a ratio of 3 to 1 , Tween 80 as the high HLB surfactant and water as the aqueous phase; 
30 Figure 5 illustrates a pseudo-ternary phase diagram of the microemulsion system soybean oit/sorbitan sesqui- 
oleate as the oil/low HLB surfactant in a ratio of 3 to 1 , Tween 80 as the high HLB surfactant and water as the aque- 
ous phase; 

Figure 6 illustrates a pseudo-ternary phase diagram of the microemulsion system soybean oil/sorbitan monooleate 
as the oil/low HLB surfactant in a ratio of 3 to 1. Tween 80 as the high HLB surfactant and water as the aqueous 
35 phase; and 

Figure 7 illustrates a pseudo-ternary phase diagram of the microemulsion system soybean oil/sorbitan monooleate 
as the oil/low HLB surfactant in a ratio of 4 to 1, Tween 80 as the high HLB surfactant and water as the aqueous 
phase. 

40 Suitable long-chain fatty acid triglycerides for use in the present invention may be of natural, senfii-synthetic or syn- 
thetic origin and may include blends of different long-chain fatty acid triglycerides. The term "long-chain fatty add" as 
used herein refers to a fatty acid which may be saturated, mono- unsaturated or poly-unsaturated. having from 12 to 22, 
preferably 14 to 18, carbon atoms which may be branched or unbranched, preferably unbranched, and which may be 
optionally substituted. Certain neutral, natural or hydrogenated plant, vegetable and fish oils such as shark oil, olive oil. 

45 sesame oil, peanut oil, natural and hydrogenated castor oils, safflower oil, sunflower oil and soybean oil provide con- 
venient sources of long-chain fatty acid triglycerides. Soybean oil consists of oleic acid (25%). Ilnoleic acid (54%), lino- 
lenic acid (6%), palmitic acid (11%) and stearic acid (4%) triglycerides whilst saffbwer oil consists of oleic acid (13%), 
linoleic acid (76%). stearic acid (4%) and palmitic acid (5%) triglycerides. Suitably in such long-chain fatty acid triglyc- 
erides, the major fatty acid components are Cta-saturated, nx)nounsaturated or polyunsaturated fatty acids, preferably 

so Ci3-rTK)nounsaturated or polyunsaturated fatty adds. 

Suitable low HLB surfactants for use in the present invention include long-chain fatty add monoglycerides. option- 
ally comprising up to 10% (w/w) of a long-chain fatty acid diglyceride and/or a small amount by weight of a free long- 
chain fatty acid. The mono- and di-glycerides may each include blends of different long-chain fatty acid mono- and dig- 
lycerides. Suitable long-chain fatty acid monoglycerides include glycerol monooleate. glycerol nnonopalmitate and glyc- 

55 erd monostearate. Suitable commercially available examples of such include the products available under the trade 
names MYVEROL. such as MYVEROL 18-99, MYVATEX and MYVAPLEX, respectively, from Eastman Kodak Chemi- 
cals, Rochester, New York, A further useful long-chain fatty add monoglyceride-containing product is ARLACEL 186 
(available from ICI Americas Inc.) which includes, in addition to glycerol monooleate. propylene glycol (10%). The main 
fatty acids of IV1YVER0L 18-99 are oleic add (61%), linoleic acid (21%), linolenic add (9%) and palmitic add (4%). Suit- 
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ably in such long-chain monoglycerides. the major fa«y acW component i a Cis-^J^^^ed '^^irrSeiE^ 
unsaturated fatty acid, preferably a C,8-monounsaturated or f«'y""^f [^^^^^"^^^^ 
versions of the monoglycerides such as the product available under the trade name MYVATEX SMQ «e ateo use^L 
Further suitable low HLB surfactants for use in the present invention include sorbitan long-cha,r^ ^S^^Lrh^n^ 
s as soJan monooleate. available commercially under the trade names SPAN 80 and f .^f f^«'^„^^^^^^ 
quioleate, available commercially under the trade names SPAN 83 and ARLACEL ^f - ^uf V ^^^^^ 
will have an HLB value in the range of about 2.5 to 6, The HLB values of the products MYVEROL 18-99, ARLACEL 80. 

ARLACEL 83 and ARLACEL 1 86 are respectively 3.7. 4.3, 3.7 and 2.8. . ^ ^ ., 

SuHaWecombinationsdlong-chain fatty acid triglycerides and low HLB surfactants include soybean on 

10 oil and glycerol monooleate. sorbitanmonooleale or sorbitansesquioleate. hi o ^„rf=ctant which 

The use in a self-emulsifying (w/o) microemulsion according to the present inventon of a ow "^6^"^=^*^ J T^^^ 
is a long-chain fe«y acid mcJioglycerie optionally containing a long-chain fatty add ^'V^ende or^ « a 
long-chain fatty acid ester as hereinbefore defined and which is a component of the lipophilic phase provides for 
reduced drodet size and this is believed to aid in the absorption of the therapeutic agent. ^ , 

sSiKh HLB^^^^^ for use in the present invention include non-ionic surfactente such as (a) pojroxyet^^ 
vime fattv acid esters for example polyoxyethylene stearic acid esters of the type available under the trade name 
MYRJ S AmtiSs TncT fSnce the product MYRJ 52 (a polyoxyethylene 40 stearate); (b) polyoxyethijene^sorb- 
SaddeTeJ^^^^^^ 

the polyoxyethylene sorbitan monooleates available under the trade name of TWEEN (ICI Americas Inc.), such ^ 
?^EeS 21 40 60. 61. 65. 80. 81 and 85. of which class TV^EEN 80 is especially preferred; (c) PO'V^^^^Sn 
r«^l long^hain aikyl ^hers. such as polyoxyethylated glycol lauryl ether; and (d) polyoxyethylene glycol long<ha.n 

alkyi esters, such as PEG-monostearate. i - « *^ oa tk^ ^r^n. .mc myri 

For use herein, the high HLB surfactant preferably has an HLB value in the range of 1 3 to 20. The products MYRJ 
52 and TWEEN 80 have HLB values of 16.9 and 15.0 respectively. ^*,«„ah«.*^te»hoij»a 
5 Suitably the Wend of low and high HLB surfactants will have an HLB value in the range of from about 5 to abou^ 8^ 
ier^n. the term "therapeutic agent" (hereinafter referred to as "drug") -^^^ 
biological activity, is soluble in the hydrophilic phase and has an HLB value of at least tha of h Qh HLB surfart^^^ 
Sse^in the formulation, to ensure that the drug is preferentially dissolved in the ^^ydrop^'';^«*«^^^^^ 
Dhase Suitable drugs include both peptides and non-peptides. Suitable peptides include not only small P«P»Jes 
,0 ^so fargeVpep^^^^^^^^ polypeptides and proteins. Suitable such peptides preferrably have « !™'«^"'«' *^ 
S 100 1^10 000 more preferably from about 100 to about 6.000. Especially preferred peptides have from 2 to 35 
fmto acTo^iil^ HHjher^^^^^^ weight polypeptides, with a molecular weight above 10,000 and up to about 
50 000 may also be accomodated in microemulsions Of the present invention. 
• Suitable small peptides have from about 2 to about 10. more P-'^-'^'V^^;- 
35 ties Preferred small peptides include the fibrinogen receptor antagonists (RGD «^»»ning pep ida) whwh^^^^ 
rnaiSdes Witt, an average molecular weight of about 600. These peptide antagonists are highly potert platelrt 
agSon inh bitL at plasma levels as low as 1 pmol/ml. Preferred fibrinogen antagonists '"dule tt^e pep^^^^ 
c!lTsVN«-acetyl-Cys-(N«-methyl)Arg-Gly-Asp-Pen-NH2 (All ef a/., EP 0 341 915) and the peptide cyclo(S,S)-^ 

40 usefuUnthepresentinventionarethosepeptidesdisclosedbyPierschtech^^^ 

«..arifl PPn5)7«;748- Adamsefa/ US 4 857,508; Zimmerman ef a/., U.S. 4,683.291. Nutt eta/., tf 0 4iu oj/. cr 
§ 4^0 ^39 E^O 410 kJo. EP 0 4 0 ^ EP 0 410 767, EP 0 410 833. EP 0 422 937 and EP 0 4^ 938; ^Mi ef f .. EP 
0 372%6 Ohba ef al WO 90/02751 (PCT/JP89/00926); Klein ef a/.. U.S. 4.952,562; Scarborough ef al WO 
loT5em^C^£om^^^^ ^i ef a/.. PCT/US90/06514 and PCT/US92/00999. t^^'^A^^^^^Z otC 

45 clos^ by All ef al EP 0 381 033 and EP 0 384 362; and the RGD peptide cyclo-N«-acetyl-Gys-Asn-Dtc-Amf-Gly-Asp- 

M^JoM^-e^ .etelM pepM. and porcine «,™iostalin as »dl a» analoss and J'™*^^ ''T.!* °*, 
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U.S. 4,544,500 (20-30 residues); and Dimarchi et aL, EP 0 204 480 (>34 residues). 

Other type of compounds useful in the present invention include analogs or homologs of LHRH which display, 
potent LH releasing activity or inhibit the activity of t-HRH; analogs or homologs of HPS which possesses hematopoettc 
activity; analogs or homologs of endothelin which possess hypotensive activity; analogs or homologs of enkephalin 

5 which have antinociceptive activity; analogs or homologs of chlorecystokinin; analogs or homologs of atrial natriuretic 
factor; peptidergic antineoplastic agents; analogs or homologs of gastrin releasing peptide; analogs* or homologs of 
somatostatin; gastrin antagonists; bradykinin antagonists; neurotensin antagonists; bombesin antagonists; oxytocin 
agonists and antagonists; vasopressin agonists and antagonists; hirudin abalogs and homologs: abalogs and 
homologs of the cytoprotective peptide-cyclolinopeptide; alpha MSH analogs; analogs, and homologs of MSH releasing 

10 factor (Pro-Leu-Gly-NH2); peptides which inhibit collagenase; peptides which inhibit elastase, peptides which inhibit 
renin; peptides which inhibit HIV protease; peptides which inhibit angiotensin converting enzyme; peptides which inhibit 
chymases and tryptases and peptides which inhibit blood coagulation enyzmes. 

Other suitable drugs include non-peptide therapeutic agents such as antibotics, antimiaobial agents, antineoplas- 
tic agents, cardiovascular and renal agents, antiinflammatory, immunosuppressive and immunostimulatory agents and 

75 CNS agents. 

Preferably, the drug is a peptide such as a fibrinogen receptor antagonist peptide (an ROD peptide), GHRP (HIs- 
D-Trp-Ala-Trp-D-Phe-Lys-NH2), a vasopressin, a calcitonin or an insulin, more preferably GHRP or the RGD peptides 
cyclo(S.S)-N"-acetyl-Cys-(N®-methyl)Arg-Gly-Asp-Pen-NH2 or cyclo(S,S)-(2-mercapto)benzoyl-{N®-methyl)Arg-Gly- 
A5p-(2-mercapto)phenylamide. 

20 In a prefered aspect, the present Invention provides microemulsions comprising a peptide which may be orally 
administered and which will retain biological activity, thereby overcoming the disadvantages of earlier formulations in 
which the bioavailability of the peptide has been less than satisfactory. In particular, the present invention provides for- 
mulations which by their nature permit the preparation and administration of a peptide in sufficiently high concentration 
to allow not only convenient oral administration but also adequate bioavailability of the peptide 

25 For a water-soluble drug, the degree of incorporation into the (w/o) microemulsions of the present Invention is lim- 
ited by its solubility in the hydrophilic phase. The ionic strength and pH (within the range 3 tolO) may be adjusted to aid 
dissolution, without compromising the integrity of the microemulsion. 

The aqueous hydrophilic phase suitably comprises water or an isotonic saline solution and may also include any 
pharmaceutically acceptable solvent which is non-miscible with the lipophilic phase. 

30 In a preferred aspect, it has been found that in microemulsions of the present invention, the use of a mono- or pol- 
yhydroxyalcohol co-surfactant, such as ethanol, butanol or propylene glycol, as the major component of the hydrophilic 
phase may be avoided. This has the advantage of not only mitigating the stability and processing difficulties associated 
with the use of such but also reducing the concomitant stomach and duodenum irritation. Accordingly, the hydrophilic 
phase of microemulsions of the present invention may be essentially aqueous and conprise less than 10%. preferrably 

35 less than 5% and more preferrably less than 2% by weight of the phase of an alcohol. 

It will be readily appreciated by the skilled person that not all blends of a long-chain fatty acid triglyceride, low and 
high HLB surfactants and hydrophilic phase will yield stable, self- emulsifying microemulsions within the scope of the 
present invention. Appropriate ratios may, however, be readily determined by the skilled man with the aid of a phase 
diagram such as that illustrated in Fig. 1. As the system comprises four components viz a long-chain fatty acid triglyc- 

40 eride (oil), a low HLB surfactant, a high HLB surfactant and an aqueous/hydrophilic phase, a pseudo-ternary phase dia- 
gram is employed. In this, the ratio of two components such as the oil and the low HLB surfactant is kept constant so 
that there are only three variables, each of which can then be represented by one side of the triangle. 

Thus, in Fig. 1,(1) represents the mixture of the oil and the low HLB surfactant, at a fixed ratio X. (2) the hydrophilfe 
(aqueous) phase and (3) the high HLB surfactant. By way of example, the point "A" represents a mixture having 50% 

45 oil plus low HLB surfactant, 20% aqueous phase and 30% high HLB surfactant. 

The regions of the phase diagram in which microemulsion according to the present invention exist may be deter- 
mined by titrating a mixture of the oil and low HLB surfactant (in a fixed ratio) against the high HLB surfactant and the 
hydrophilic phase, noting points of phase separation, turbidity and transparency. Clear, transparent formulations are 
indicative of the formation of a stable microemulsion. Liquid and gel formulations may be obtained at room temperature 

so according to the specific nature of the components employed. 

Once stable transparent systems are obtained, simple tests, such as dye solubilization, dispersibility In water and 
conductivity measurements may be used to determine whether the microemulsion is an (oAw)- or a (w/o)-type. A water- 
soluble dye will disperse in an (oAtv) miaoemulsion whilst it will remain in its original form in a (w/o) microemulsion. Like- 
wise, (o/w) microemulsions are generally dispersible in water whereas (w/o) microemulsions are generally not. In addi- 

55 tion. (o/w) miaoemulsions conduct electricity whereas (w/o) do not. The isotropic nature of the system may be 
confirmed by examination thereof under polarised light. The miaoemulsions being micellar in nature are Isotropic and 
therefore non-birefringent when examined under polarised light 

From this phase diagram, appropriate percentages may then be read off. The process may then be repeated for 
other ratios of oil to low HLB surfactant so that an overall picture may be obtained. 
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A representative pseudo-ternary phase diagram for systems containing a '^"f 

essentially unchanged when water was replaced by saline, as shown in Fig. 3. . ^^^.^ 

lo g 

preserrt in the range from atx)ut 70 to about 95% . the high HLB surfactant from about 5 to about 25% and the water 

priateCnSs^the va'^^^^ components which will lead to stable. seH-emulsifying microemuls«r« falling within the 

''"iSrS^Whain fatty acid triglyceride and the low HLB surfactant together comprise from about 70 to a»^ 
95% oSabh^ aSut 85 to about 95% (w/w) of the microemulsion. The long-chain fatty acd ^'^^y^^^.^ ^J^''^ 
HLB su^cW^e comt^ned and miled at various ratios. Useful (w/o) 

"atio of long-chainUacid triglyceride to low HLB surfactart is in the range of about4:1 to about2.1.prrf^^^^ 
ItX the high HLB surfactant is present in the range of about 5 to abou^ 

^"""LrbSTyToS 

s% more oreferablv from about 2 to about 5% (w/w) of the microemulsion. 

• iTSbl^eSly'appreciated by the sidlled person that, in general, an increase j the r^at«,e amount of high HLB 
surfactant will have to be matched by an increase in the relative amount of hydrophi ic phase. 

In deferred microemulsions of the present invention, the lipophilic phase compnses from aboirt 70 to surtabhr 
85 to 9?% mfhSh H^urf^^^^^ from about 5 to 2S%. suitably 7.5 to 1 5% and the hydrc^hihc phase less than 10%. 

^"XrchlrSS^^^^^^ 

' ?S?^l'ciSo'ns of"the iesent invention are substanti^ly non-opaque. that is they are t^n^arem « opale^ 

rut'hSCatSX^^^^ 

szru:^:s«^ 

iting Sgher solubility at low or high pH. MicroemJsions with a relatively higher anrraunt of a high HLB surfactant such 
as TWEEN 80 tend to be more viscous due to the greater viscosity of this matenal 

Vreferably the diameter of droplets or particles of microemulsions of the present inventon. -"^^ured for ir^ar^ 

astheS^'Ii^^^^^^^ 

nm vet more preferably less than 50 nm and most preferably in the range 5 to 35 nm. 
' The various phases may optionally contain further ingredients, such as. but not limited to: 

(i)npids, such as phospholipids, in particular lecithins, such as soya bean lecithins, eggled*^^ 

SKSo:ll°'stch1?n.pro gallate. butylated hydroxyanisole (BHA) and mixed 'some- *ereot d^a^ocophe- 
S aS isomers thereof aio*ic acid, propylparaben, methylparaben and citric acid (monohydrate) . 
(iii) bile salts, for instance as their alkali metal sails, such as sodium taurocholale; 
(w) stabilizers, such as hydroxypropyl cellulose; 
(V) antimicrobials, such as benzoic acid (sodium salt); 

(vi) dioctylsuccinate, di-octylsodium sulfosuccinate or sodium lauryl sulfate; and 

(vii) protease inhibitors such as aprotinin. 

The microemulsions of the present invention form spontaneously or substantially spontaneously tti^J f";^ 
ponemL~gh nto contact^hatiswim^^ 

S^S I^Lr enerov such as imparted by homogenization and/or microfluidization or other mechanical agitatioa 
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gentle hand mixing or stirring, if necessary, to ensure thorough mixing. Preferably, the drug is dissolved In the 
hydrophilic phase, either directly or by dilution of a stock solution thereof and this may then be added to a pre-mixed 
combination of the oil and the low HLB surfactant with mixing, followed by the high HLB surfactant or wee versa. Alter- 
natively, a drug-free microemulsion may be Initially prepared by admixing the oil. low and high HLB surfactants and 
5 some (drug-free) hydrophilic phase to which may then be added drug dissolved in hydropbillc phase. If necessary, 
higher temperatures (40-60*'C) may be used to assist the solubilization of all of the components during the preparation 
of the microemulsion. Formulation at ambient temperature is, however, preferred for thermolabile active Ingredients, 
such as peptides. 

Mlaoemulsions of the present invention are pharmaceutical compositions which comprise a therapeutic agent and 
10 are therefore intended for use in therapy, for administration to animals, including man. 

It will be recognized by one of skill in the art that the amount of drug required for therapeutic effect on administration 
will, of course, vary with the agent chosen, the nature and severity of the condition and the animal undergoing treat- 
ment, and is ultimately at the discretion of the physician. 

Furthermore, the optimal quantity and spacing of Individual dosages of a drug will be determined by the nature and 
IS extent of the condition being treated, the form, route and site of administration, the particular patient being treated and 
that such optima can be determined by conventional techniques. It will also be appreciated that the optimal course of 
treatment, that is, the number of doses given, can be ascertained by those skilled in the art using conventional course 
of treatment determination tests. 

The present Invention also provides for the use of a long-chain fatty add triglyceride, a lew HLB surfactant, a high 
20 HLB surfactant, a therapeutic agent and a hydrophilic phase as hereinbefore defined in the manufacture of a medica- 
ment. 

Microemulsions of the present Invention may be used for oral, topical, rectal, Intra-vaginal or other forms of sys- 
temic administration and accordingly will be presented in forms suitable for such. Thus for instance, miaoemulsions 
intended for oral administration may be presented in soft gelatin capsules whilst the viscosity characteristics of some of 
25 the microemulsions make them suitable for direct topical application. Compositions adapted for oral or topical adminis- 
tration are especially prefered. 

The microemulsions of the present invention witiiout a drug are novel and useful as precursors to drug-containing 
microemulsions. Accordingly, in a further aspect, the present invention provides a stable, self-emulsifying water-in-oil 
microemulsion comprising: 
30 . 

. (a) a lipophilic phase having a long-chain fatty acid triglyceride and a low HLB surfactant; (b) a high HLB surfactant: 
and (c) an aqueous hydrophilic phase In which each of (a), (b) and (c) are as hereinbefore defined and pharmaceu- 
ticalty acceptable. 

35 The Invention will now be illustrated by. but not limited to, the following descriptions (drug-free microemulsions) and 
examples (drug-containing microemulsions) and biological examples. 

DESCRIPTIONS 

40 Description 1 - Phase Diagrams (partial) for Representative iVIIcroemuisions 

Representative pseudo-ternary partial phase diagrams (fig. 2 and 3) for the system soybean oil, MYVEROL 18-99 
(ratio 3:1). TWEEN 80 and water or saline have already been described elsewhere. This study was extended to other 
systems In which the oil and the high HLB surfactant were kept constant whilst the low HLB surfactant the ratio thereof 
45 to the oil and the aqueous phase were varied, as shown in the table 1 : 



so 



55 
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Table 1 



Systems for phase diagrams 




Description no. (fig.) 


Low HLB surfactant 


Ratio oil to low HLB surfactant 




la/(fig.2) 


MYVEROL 18-99 


3:1 


deionised water 


lb/(fig.3) 


MYVEROL 18-99 


3:1 


saline 


1c/{fig.4) 


ARLACEL186 


3:1 


deionised water 


1d/(fig.5) 


ARLACEL83 


3:1 


deionised water 


1e/(fig.6) 


ARLACEL80 


3:1 


deionised water 


lf/{fig.7) 


ARI-ACEL80 


4:1 


deionised water 



The various components were weighed out individually and then mixed at a t«^'"P«^^"J^_^5f'ff^^^ 
The relative order of addition would appear to be unimportant. For components such as MYVEROL 18-99 which t«s a 
nStin7rntofLut42«C 

JlSe' pria t^^ddition to assist in complete mixir^ and solubilisation. Heating at about 50»C "^^'^^^ 
employed during subsequent mixing. Further equilibriation of the microemulsion for a 24 h penod was found to improve 
the stability of some microemulsions. . . 

The regions of the phase diagram in which microemulsions according to the Present inven ion e«st were ctetw- 
mlni by Wrating a mixture of the oil and low HLB surfactant (in afixed ratio) against the high HLB s^^^f^l^JL 
acJufousVase noting points of phase separation, turbidity and tra^^^^ 

ative of the formation of a stable microemulsion. ,u™™ „„ r«„ro » 

Reoresentative partial phase diagrams with emphasis on the microemulsion-existence field are shown as figure 2 
and 3 fo the MYVEROL 18-99 system. Similar phase diagrams were also obtained for the other systems corrtajning 
olefllw HLB suS and theL are shown as Figures 4 to 7. Clear, transparent microemulsions were obtained in 
me^aded arei on the phase diagrams (the microemulsion existence field). When examined under po ansed light. 
ISSSgTbehaluLsobseU.lhesemicroemu.si^^^ 

ductance In general, replacing water by saline had no effect on the microemulsion existence field, o he^ than smaH 
cSsln^eb^^^^^ 

^TrS«ier f ieW. due to the reduced amount of low HLB surfactant. The microemulsions were however othen«se sim- 

""TJ^^^ng^^S^cZ.-^^^^^ 

2: 



Table 2 



Description 
no. 


lipophilic 
phase % 


High HLB 
surfactant % 


hydrophilic 
phase % 


la 


70 to 90 


5to25 


<10 


1b 


70 to 90 


5 to 25 


<10 


10 


80 to 95 


5 to 15 


<10 



These phase diagrams show that microemulsions within the scope of the present invention are obtained for laftw 
of long-chain fatly acid triglyceride to low HLB surfactant ranging from 4:1 to 3:1 . Clear and fransparent lK,u.d microe- 
mulsions similar to those described above were also obtained at oil to low HLB surfactant rafc^ d 2:1 . 

Various physical characteristics of the microemulsions hereinbefore described are given in the teble 3. All the 
microemulsions had oil plus low HLB surfactant (3:1. 87%), high HLB surfactant (10%) and aqueous (3%). 
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Table 3 



Physical Properties of Microemulsions 


Dp^rrintinn no 




neTraciive inoeA 


ooriuuciance ^niicronrinos/ciTij 


2 


110.7 


1.471 


0.131 


1e 


129.3 


1.471 


0.130 


ig 


145.3 


1.472 


0.130 


Id 


125.1 


1.469 


0.177 


Oleic Acid^ 


23.4(25.6) 


1.4582(1.4583) 


ND 


Deionized Water 


ND 


ND 


2,67 


Saline 


ND 


ND 


13400 



° aqueous phase - water 
^ aqueous phase = saline 

^ the viscosity and refractive index values shown in parentheses are from the CRC Handbook of Chemistry 
20 and Physics^ 60th Edition. 



25 



30 



35 



Measurement of particle diameter by laser light scattering of the representatitive microemulsions showed that they 
were mostly in the range 5 to 30nm and had a high degree of homogeneity (polydispersity in the range 0.05 to 0.20). 
This was not significantly affected by the inclusion of a peptide (as in example la, at 1 or 3mg/g formulation). 

Microemulsions comprising glycerol monooleate (MYVEROL 18-99, mp about 42X) as the low HLB surfactant 
formed gels at low temperature (4^C) which upon reequilibriation at room terrperature or 37*'C returned to clear, trans- 
parent microemulsions. After several weeks storage at room temperature, some precipitation and solidification was 
observed. This was however reversed by warming up to 37 or 50°C. At these temperatures, the microemulsions were 
stable for over one month, without any precipitation and/or phase seperation. In corresponding microemulsions still con- 
taining glycerol monooleate but using the product MYVEROL 18-99 rather than ARLACEL 186, similar one month stor- 
age stability was observed at 37 and SC^C. At 4^C. a gel was formed but this had much better long-term stability after 
returning to room temperature. Excellent storage characteristics were also observed for microemulsions comprising 
either sorbitan monooleate (ARLACEL 80) or sorbitan sesquioleate (ARLACEL 83) as the low HLB surfactant. 



40 



Description 2 - (w/o) microemulsion 

A representative water-in-oil microemulsion was prepared on a 5g scale using the following: 



45 



Soybean oil and MYVEROL 18-99 (ratio 3:1) 
TWEEN 80 

Deionised water or saline 



87% 

10 

3 



MYVEROL 18-99 was premelted on a water bath before being added to soybean oil in a vial on a hot plate stirrer 
50 maintained at 50*C. with gentle stirring. This mixture was then added to a stirred mixture of TWEEN 80 and water or 
saline to form a clear transparent (w/o) miaoemulsion. Additional equilibriation at 50*C was found to improve stability. 
At low to ambient temperatures, the liquid formulation became a gel but this was reversed on warming to higher tem- 
perature. 

55 EXAMPLES 

For further studies on microemulsions incorporating a drug, an optimal formulation was selected from about the 
centre of the microemulsion field of the phase diagrams hereinbefore desaibed. This formulation connprlsed soybean 
oil plus low HLB surfactant (87%). TWEEN 80 (10%) and a variable aqueous phase (3%). 



9 



EP 0 597 029 B1 



10 



These microemulsions were generally formulated by inrtially prepanng f ^^^^S'^JJ^^^^^ 
either by dissolving the appropriate amount of drug in the appropriate amount of water or. more p'^ferab y using a sto* 
Jin S was then further diluted if so required. wKh vortex stirring if J° ^^^^^^^^ 

The hydrophilic phase containing the drug was then added to the appropriate amounts (by 
2a,!3;meLHLBsur1actant.towhichwasthen added the hlghHLBsu^^^^^^^^^ 

stirrert Alternatively, the hydrophilic phase containing the drug was added to the high HLB surtactaiit ana toi owing 
Tpon coiTe^m^^^ this was add^ to the oil plus low HLB surfactant mixture. H necessary, the f^g^o^^^g 
TroemSn was then diluted with the corresponding drug-free microemulsion to 

^rheTwerTroSely prepared on a 5 or 10 g scale. In addition larger scale (50 to 500g) batches were also prepj«L 
Following the standard procedure outlined above, the following drug-containing microemulsions were prepared. 88 
shown in the table 4: 



Table 4 



15 



20 



25 



30 



35 
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Examples of drug-containing microemulsions 



Example 


Drug 


Drug cone, mg/g form. 


high HLB surfactant 


1a 


RGD peptide^ 


1-6 


MYVEROL 18-99 


1b 


RGD peptide" 


6 


ARLACEL 80 


1c 


RGD peptide^ 


6 


ARLACEL83 


Id 


RGD peptide® 


6 


ARLACEL186 


2 


GHRP^ 


3.0 


MYVEROL 18-99 


3 


vasopressin*^ 


0.06 


ARLACEL186 


4a 


calcitonin** 


0.02 


ARLACEL186 


4b 


calcitonin** 


0.09 


ARLACEL186 


5a 


Insulin® 


0.15(37 lU) 


ARLACEL186 


5b 


insulin® 


0.38 (92 lU) 


ARLACEL188 



Footnotes to table 

*cyclo(S.S)-(2-mercapto)benzoyl-(N«-methyO-Arg-Gly-Asp-(2-mercapto)-pheny- 
lamide (MW of about 650). aq. = saline; 

^ His-D-Trp-Ala-Trp-D-Phe-Lys-NH2 (MW of about 850). aq. = isotonic sdn con- 
taining acetic acid and NaCI at pH 5.0; 

^ Val-Asp-Cys-Tyr-Phe-Gln-Asn-Cys-Pro-Arg-Gly- NHg (MW of about 1300) (ICN 
Biochemicals), aq. = saline: 

*• salmon caldlonin (contains 32 amino acids. MW of about 3500) (ICN Biochem- 
icals), aq. = saline; and ^ ^ * 

* polypeptide with a MW of about 6000 (ICN Biochemicals). aq, = phosphate- 
buffered saline. 



45 
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BIOLOGICAL EXAMPLES 

Biological Example 1- Assessnient of Gl Irritation 

using standard methodology (Szabo eta,.. J. Pharmacol. Methods 13 59|6. ^^S^)/;.^;^^^^^^^^ 
comorising soybean oil and one of MYVEROL 18-99, ARLACEL 80. ARLACEL 83 or ARLACEL186 (ratio 3^1) (87%). 

80 0?%) and saline (3%) was assessed tor Its potential to cause Gl '^'^^ '"^I^Jj^^'j^ 
ml/kg), the mucosal surfaces of both the stomach and duodenum were found to be free of any lesions, even unaer 
microsoopic examination. 

Biological Example 2 - Demonstration of In vivo activity of RGD peptide delivered by a microemulsion 

The in vivo activity of microemulsions of containing soybean oil and one of MYVEROL 1fr99. ^Rl^CEL M ARLA- 
CELi^ or ARLACEL186 (ratio 3:1) (87%). TWEEN 80 (10%) and saline (3%) and the RGD petKle of example 1a 
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(6mg/g formulation) was demonstrated in a standard platelet aggregation assay using dogs (Samanen et al., Med 
Chem., 34, 31 14-3125, 1991). Following oral dosing of the microemulsion containing the peptide {in a gelatin capsule) 
at 3 mg/kg (0.5 ml/kg microemulsion), inhibition was observed which was, in general, more pronounced and, in some 
cases, more sustained than that observed in a corresponding control experiment in which the RGD peptide was dosed 
5 as a saline solution. 
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Claims 

1. A pharmaceutically acceptable, stable, self-emulsifying water-in-oil microemulsion comprising: 



(a) a lipophilic phase having as an oil, a long-chain fatty acid triglyceride, and a low HLB surfactant; 

(b) a high HLB surfactant selected from a polyoxyethylene fatty acid ester, a polyoxyethyiene-sorbitan fatty acid 
ester, a polyoxyethylene glycol long-chain alkyi ether or a polyoxyethylene glycol long-chain alky! ester; 

(c) an aqueous hydrophilic phase; and 
IS (d) a water-soluble therapeutic agent. 

2. A microemulsion as claimed in claim 1 In which the major fatty acid components of the long-chain fatty acid triglyc- 
eride are Cig-saturated, monounsaturated or polyunsaturated fatty acids. 

20 3. A microemulsion as claimed in claim 1 or 2 in which the low HLB surfactant is (a) a sorbitan long-chain fatty acid 
ester; or (b) a long-chain fatty add monoglyceride optionally comprising up to 10% (w^v) of a long-chain fatty acid 
diglyceride and/or a small amount by weight of a free long-chain fatty acid. 

4. A microemulsion as claimed in claim 3 in which the long-chain fatty acid is a Cis-saturated, monounsaturated or 
25 polyunsaturated fatty acid. 

5. A microemulsion as claimed in claim 1 in which the long-chain fatty acid triglyceride is soybean oil or safflower oil 
and the low HLB surfactant is glycerol monooleate. sorbitan monooleate or sorbitan sesquioleate. 

30 6. A microemulsion as claimed in any one of claims 1 to 5 In which the therapeutic agent Is a peptide. 

7. A microemulsion as claimed in claim 6 in which the peptide is a fibrinogen receptor antagonist peptide (an RGD 
peptide). CHRP (His-D-Trp-Ala-Trp-D-Phe-Lys-NHa), a vasopressin, a calcitonin or an insulin. 

55 8. A microemulsion as claimed in any one of claims 1 to 7 In which the the hydrophilic phase Is essentially aqueous 
and comprises less than 1 0% by weight of the total microemulsion. 

9. A microemulsion as claimed in any one of claims 1 to 8 in which the lipophilic phase comprises from 70 to 95%, the 
high HLB surfactant from 5 to 25% and the hydrophilic phase less than 10% and in which the ratio of long-chain 

40 tetty acid triglyceride to low HLB surfactant Is between 4:1 and 2:1. 

10. A microemulsion as claimed in claim 10 in which the lipophilic phase comprises from 85 to 95%, the high HLB sur- 
factant from 7.5 to 15% and the hydrophilic phase from 0.1 to 5% (wM) of the microemulsion. 

45 11 . A self-emulsifying water-ln-oll (w/o) microemulsion optionally comprising a water-soluble therapeutic agent In which 
the relative proportions of the following components: 

(1) a lipophilic phase conprising a long-chain fatty acid triglyceride or a blend of long-chain fatty acid triglycer- 
ides and a low HLB surfactant or a blend of low HLB surfactants; 
so (2) a high HLB surfactant selected from a polyoxyethylene fatty add ester, a polyoxyethyiene-sorbitan fatty add 

ester, a polyoxyethylene glycol long-chain alkyI ether or a polyoxyetiiylene glycol long-chain alkyI ester; and 
(3) an aqueous phase 
lie within any one of the indicated regions of 

ss a) figure 2 related to ^^yJ^^gfn^L = 3 , Tween 80 and water. 

b) figure 3 related to ^^Y|b^e|fl^< j | = 3 . Tween 80 and saline, 

c) figure 4 related to ^^Ygg|p{^g l = | , Tween 80 and water, 



~ autism lOD I ' 

d) figure 5 related to sor^Ml^gLe = ? • ^ween 80 and water. 

e) f iaure 6 related to = — SoYabean oil " ~ 

c; ..yuic u icioicu lu sorbiian monoaleate 



\ R — SQYflbean oil - 3 Tween 80 and water arri 
' Sorbiian monoaleate T • iween ou dna waier arw 
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1) figure 7 related to g.lp.va'iggno ll ^ = ^ . Tween 80 and water. 

12. A microemulsion as claimed in any one of claims 1 to 12 adapted for oral delivery. 

13. A microemulsion as claimed in any one of claims 1 to 12 adapted for topical application. 

14 The use of a microemulsion as defined in anyone of claims 1 to 12 comprising a long-chain fatty acid triglyceride 
a low HLB surfactant, a high HLB surfactant, a therapeutic agent and a hydrophflic phase in the manufacture of a 
medicament 
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PalentansprOche 

1. Pharmazeutisch vertragliche. stabile, selbstemulgierende Wasser-in-Ol-Mikroemulsion. umfassend: 

,5 (a) eine lipophile Phase, die. als ein Ol, ein l^ngkettenfettsaure-Triglycerid. und ein grenzflflchenaWives Mittel 

mitniedrigemHLB-Wertbesitzt; . ,m^a^„ e^a„ri,^a, 

(b) ein grenzfiachenaktives Mittel mithohem HLB-Wert. ausgewahit aus einem Po'We'.'^^e"^^ ^^II 
einem Polyoxyethylen-Sorbrtan-Fettsaureester. einem Polyoxyethylenglycol-lBngkettenalkyl-Ether oder einem 
Polyoxyethylenglycol-Langkettenalkyl-Ester; 

20 (c) eine wafirige hydrophile Phase und 

(d) einen wasserlOslichen therapeutischen Wirkstoff. 

2. Mikroemulsion nach Anspruch 1. wobei die Hauptfettsfturekomponenten des LangKettenfettsfture-Triglyoerides 
Ci8-flesattigte. einfach ungesattigte oder mehrfach ungesattigte Fettsfluren sind. 

3. Mikroemulsion nach einem der AnsprOche 1 oder 2. wobei das grenzfiacher^klive mit niedrigem H^^^^^^ 

(a) ein Sorbitan-Ungkettenfettsaure-Ester oder (b) ein Langkettenfetlsaure-Monoglycerid ist, das gegebenenfalls 
bis zu 10% (w/w) eines Langkettenfettsflure-Diglycerides und/oder eine Weine Gewichtsmenge einer freien lang- 
kettlgen Fettsaure umfaBt 

4. Mikroemulsion nach Anspruch 3. wobei die langkettige Fettsflure eine Cis-gesattigte. einfach ungesattigte oder 
mehrfach ungesattigte Fettsaure ist. 

5. Mikroemulsion nach Anspruch 1, wobei das Langkettenfettsaure-TriglycerW ^ JbohnenJIoderS^or^^^ 
35 das grenzf lachenaktive Mittel mit niedrigem HLB-Wert Glycerinmonooleat. Sorbitan-Monooleat oder Soitoitan-Ses 

quioleat ist 

6. Mikroemulsion nach einem der AnsprOche 1 bis 5. wobei der therapeutische Wirkstoff ein Peptid ist 

40 7. Mikroemulsion nach Anspruch 6. wobei das Peptid ein Fibrinogenrezeptorantagonist-Peptid (ein RGD-PepBd). 
GHRP (His-D-Trp-Ala-Trp-D-Phe-Ly8-NH2). ein Vasopressin, ein Calcitonin oder ein Insulin ist 

8. Mikroemulsion nach einem der AnsprOche 1 bis 7. wobei die hydrophile Phase im wesentlichen waBrig ist und 
weniger als 10 Gew.-% der Gesamtmikroemulsion umfaBl. 

9. Mikroemulsion nach einem der AnsprOche 1 bis 8. wobei die lipophHe Phase von '^''^^^^^^^^^"^ 
five Mittel mit hohem HLB-Wert von 5 bis 25% und die hydrophile Phase weniger als 1°* ""^ ""J,**!' ^J? 
Verhahnis von Langkettenfettsaure-Triglycerid zu grenzfiachenaktivem Mitlel mrt niedngem HLB-Wert zwischen 4.1 

und 2:1 liegt. 

10. Mikroemulsion nach Anspruch 9. wobei die lipophile Phase von 85 bis 95%. das S'^^^JiachenakfiveMitt^^^ 
hohem HLB-Wert von 7.5 bis 1 5% und die hydrophile Phase von 0.1 bis S% (w/W) der Mikroemulsion umfaBt. 

11. Selbstemulgierende Wasser-in-Ol- (w/o-) Mikroemulsion. die gegebenenfalls einen wasserlOslichen therapeuti- 
schen Wirkstoff umfaBt. wobei die relativen Anteile der nachstehenden Kbmponenten: 

(1) eine lipophile Phase, umfassend ein Langkettenfettsaure-Triglycerid oder ein Gemisch aus Ungkettenfett- 
saure-Triglyceriden und einem grenzflSchenaktiven Mittel mit niedrigem HLB-Wert oder einem Gemisch aus 
grenzfiachenakliven Mittein mit niedrigem HLB-Wert; 
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(2) ein grenzf lachenaktives Mittel mit hohem HLB-Wert. ausgewShrt aus einem Polyoxyethyien-Fettsaureester, 
einem Polyoxyethylen-Sorbitan-Fetlsaureester, einem Polyoxyethylenglycol-Langkettenalkyl-Etheroder einem 
Polyoxyethylenglycol-Langkettenalkyl-Ester und 

(3) eine wSBrlge Phase 

5 innerhalb eines der angegebenen Bereiche von 

a) Figur 2 bezuglich Sojabohnen6l/Myvero! 18-99 = 3/1, Tween 80 und Wasser, 

b) Figur 3 bezuglich Sojabohnenei/Myverol 1 8-99 = 3/1 . Tween 80 und l^chsalzlOsung, 

c) Figur 4 bezuglich SojabohnenOI/Arlacel 186 » 3/1 , Tween 80 und Wasser, 

10 d) Figur 5 bezuglich SojabohnenOI/Sorbitan-Sesquioleat = 3/1 . Tween 80 und Wasser, 

e) Figur 6 bezuglich Sojabohnendl/Sorbitan-Monooleat = 3/1 . Tween 80 und Wasser und 

f) Figur 7 bezuglich Scjabohnenei/Sorbitan-Monooleat = 4/1, Tween 80 und Wasser liegen. 

. 12. Mikroemulsion nach einem der Anspruche 1 bis 12, die an die orale Einnahme angepaBt ist. 

IS 

13. Mikroemulsion nach einem der AnsprOche 1 bis 12, die an die topische Anwendung angepaOt ist. 

14. Venwendung einer Mikroemulsion nach einem der Anspruche 1 bis 12, umfassend ein Langkettenfettsaure-Tri- 
glycerid, ein grenzf lachenaktives Mittel mit niedrigem HLB-Wert, ein grenzf lachenaktives Mittel -mit hohem HLB- 

20 Wert, einen therapeutischen Wirkstoff und eine hydrophile Phase, zur Herstellung eines Medikamentes. 

Revendications 

1. Micro-Emulsion eau-dans-huiie auto^Emulsionnable, stable, pharmaceutiquement acceptable, comprenant : 

25 

(a) une phiase lipophile comprenant comme huile un triglyceride d'acide gras k chame longue, et un surfactant 
k faible valeur d'^uilibre hydrophile-lipophile (EHL) ; 

(b) un surfactant ^ valeur de EHL ElevEe, choisi entre un ester d'acide gras de polyoxy^thyl^ne, un ester 
d'acide gras de polyoxy^thyl^ne-sorbitanne. un Ether alkylique a chaTne longue de potyoxyEthylEne-glycol ou 

30 un ester alkylique k chatne longue de polyoxyEthylEne-glycol ; 

(c) une phase hydrophile aqueuse ; et 

(d) un agent thErapeutique hydrosoluble. 

2. Micro-Emulsion suivant la revendication 1, dans laquelle les acides gras presents comme constituants prindpaux 
35 du triglyceride d'acides gras a chaTne longue sont des acides gras en 0^8 saturEs, mono-insaturEs ou polyinsatu- 

rEs. 

3. Micro-Emulsion suivant la revendication 1 ou 2, dans laquelle le surfactant a faikMe valeur de EHL est (a) un ester 
de sorbitanne et d'acide gras a chaTne longue ; ou (b) un monoglycEride d'acide gras a chaTne longue comprenant 

40 facultativement jusqu'a 1 0 % (en poids/jpoids) d'un diglycEride d'acide gras a chaTne longue et/ou une petite quan- 
titE en poids d*un adde gras libre a chaTne longua 

4. Micro-Emulsion suivant la revendication 3, dans laquelle Tacide gras a chaTne tongue est un acide gras en C^s 
saturE. mono-insaturE ou polyinsaturE. 

45 

5. Micro-Emulsion suivant la revendication 1 , dans laquelle le triglycEride d'adde gras a chaTne longue est Itiuile de 
soja ou lliulle de carthame et le surfactant a faible valeur de EHL est le mono-olEate de gtycErol, le mono-olEate 
de sorbitanne ou le sesqulolEate de sorbitanne. 

50 6. Miao-Emulsion suivant Tune quelconque des revendications 1 a 5. dans laquelle I'agent th^apeutique est un pep- 
tide. 

7. Micro-Emulsion suivant la revendication 6, dans laquelle le peptide est un peptide antagonists des riEcepteurs du 
fibrinogEne (un peptide RGD). le GHRP (His-D-Trp-ZMa-Trp-D-Phe-Lys-NHa), une vasopressine, une calcitonine ou 

55 une insuline. 

8. Micro-Emulsion suivant Tune quelconque des revendications 1 a 7, dans laquelle la phase hydrophile est essentiel- 
lement aqueuse et reprEsente moins de 10 % en poids de la micro-Emulsion totale. 
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9. Micro-6mulsion suivant Tune quelconque des revendications 1 k 8, dans laquelle la phase lipophile repr6sente 70 
k 95 %. le surfactant k valeur 6lev6e de EHL repr6sente 5 k 25 % et la phase hydrophile reprfeente moms de 10 
%. et dans laquelle le rapport du triglyceride d'acide gras k chatne longue au surfactant k laiWe valeur de EHL est 
compris dans I'intervalle de 4:1 k 2:1. 

10. Micro-6mulsion suivant la revendication 9 . dans laquelle la phase lipophile repr6sente 85 95 %.le surfactant 6 
valeur de EHL 6lev6e repr6sente 7.5 4 15 % et la phase hydrophile repr6sente 0.1 6 5 % (en poids/poids) de la 
micro-emulsion. 

11. Micro-6mulsion eau-dans-huile {EM) auto6mulslonnable. comprenant facuKatlvement un agent th6rapeutique 
hydrosoluble. dans laquelle les proportions relatives des constrtuants suivants : 

(1) une phase lipophile comprenant un triglyceride d'acide gras k chaine longue ou un melange de triglyceri- 
des d'acides gras k chatne longue. et un surfactant k faible valeur de EHL ou un melange de surfactants fai- 
bles valeurs de EHL ; 

(2) un surfactant k valeur de EHL eiev6e choisi entre un ester d'acide gras de polyoxy6thyiene, un ester d aade 
grasde polyoxyethyiene-sorbitanne. un ether allqriique k chatne longue de polyoxyethyiene-glycol ou un ester 
alkyfique k chatne longue de polyoxyethyiene-glycol ; et 

(3) une phase aqueuse se situent dans I'une quelconque des regions indiqu6es sur 

(a) la figure 2 concernant le rapport | Jy"J|f,gri^!»a = ? • T*«en 80 et I'eau. 

(b) la figure 3 concernant le rapport ^f^^ = ? . le Tween 80 et une solution de sel. 

(c) la figure 4 concernant le rapport ^f^^^ = f . le Tween 80 et I'eau. 

(d) la figure 5 concernant le rapport .^"iqu'S i fafed.sorbl.anne = f • '« ^ween 80 et I'eau. 

(e) la figure 6 concernant le rapport |;.'r,-oig£ed,de^rt,ittnn. = ? • ^ween 80 et I'eau. 
et 

(f) la figure 7 concernant le rapport l^'^^^^o^Se de de ^rbnanne = V "^"^ ^ * 

12. Micro-emulsion suivant I'une quelconque des revendications 1 A 11 , apte & I'administration orale. 

13. I^icro-emulsion suivant I'une quelconque des revendications 1 d 12. apte ft {'application topique. 

14. Utilisation d-une micro-6mulsion r6pondant la definition suivant I'une quelconque des revendicationsi ft 12. com- 
prenant un triglyceride d'acide gras k chatne longue. un surfactant k faible valeur de EHL, un surfactant k valeur 
de EHL fievee. un agent th6rapeutique et une phase hydrophile dans la production d^un medicament. 
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